Introduction

Na
+ , K + -ATPase (NKA) is an integral membrane protein located in the basolateral membrane by direct interactions with membrane-associated cytoskeletal proteins [1] . The functional enzyme unit is a heterodimer of two subunits: α (∼110 kDa, catalytic) and β (∼55 kDa) [2] . Following an ischaemic insult, proximal tubular cells exhibit a disruption of the actin-based cytoskeleton [3, 4] , NKA dissociates from its cytoskeletal anchorage [5] [6] [7] and relocates into the apical domain in proximal tubular cells [5, 8] . These phenomena impair vectorial sodium transport across the epithelial monolayer [5, 9] .
Controversial cortical NKA activity values have been reported during ischaemia. Kim et al. have described decreased activity of the pump in homogenates after 120 min of ischaemia [10] . During similar periods no changes [11] or increased activity [12] of the pump was reported. We showed decreased cortical NKA activity after 40 min of ischaemia in male Wistar rats [13] but normal activity after 40 min of ischaemia followed by 1 h of reperfusion [14] . In experimental models of ischaemia, NKA activity is usually measured in preparations of isolated plasma membranes. During membrane preparation, sealed and leaky vesicles are formed. In addition, sealed vesicles could be right side out or inside out. Ouabain and ATP diffuse poorly across the membrane and have opposite sidedness of action. Ouabain-sensitive ATPase activity requires Na + , Mg 2+ and ATP at the cytoplasmic face of the membranes and K + and ouabain at the extracellular face [15] . In sealed, rightside-out vesicles, no ATPase activity would be measured, whereas this activity would be expressed in inside-out vesicles but would be unaffected by ouabain. On the other hand, ouabain-sensitive NKA activity should be fully expressed in sheets or leaky vesicles. Thus, the measured NKA activity could reflect the vesicular nature of the membrane preparations. To explore if this fact could influence NKA activity measured during ischaemia, we performed experiments in homogenates and enriched plasma membrane preparations of renal cortical tissue from control rats, and from rats that underwent ischaemia and ischaemia reperfusion. Vesicles were rendered more permeable to substrates by treatment with a detergent.
Materials and methods
Animals and treatments
Male Wistar rats (3 months, 250-350 g body weight) were anaesthetized with sodium thiopental (70 mg/kg body weight, i.p.). The right renal artery was exposed by a flank incision, and a non-traumatic vascular clamp was placed around the right renal artery for 40 min, followed (IR) or not (I) by 60 min of reperfusion. Total ischaemia and reperfusion were confirmed by observing the kidney surface. Sham-operated rats were used as control kidney donors (C).
Isolation of membrane fraction and NKA activity studies
A partially purified plasma membrane fraction (TPM) consisting predominantly of a mixture of basolateral and brush-border membrane vesicles from cortex was obtained as described by Boumendil-Podevin [16] . These samples were pretreated according to Forbush [17] with minor modifications (see the next section for details), and NKA activity was determined as the difference of ATPase activity in the absence of ouabain or in the presence of 1 mM ouabain and the absence of potassium as previously described [13, 14, 18] .
Estimation of leakiness of membrane vesicles
To disrupt the vesicular structure, sodium dodecyl sulphate (SDS) was used. The plasma membrane samples (100 µl containing 30-70 µg protein) were pretreated with an equivalent volume of a buffer so the final concentrations were HEPES 17 mM, BSA 0.7%, pH = 7.0 and variable concentrations of SDS: 0, 0.2, 0.4, 0.6, 0.8, 0.9, 1.2 and 1.8 mg/ml. After incubation for 10 min at 22 • C, aliquots were transferred to assay tubes and NKA was determined. The percentage of leaky vesicles was estimated as follows: NKA activity (without SDS)/NKA activity (SDS − pretreated) × 100. The percentage of sealed vesicles was estimated as the difference from 100% [16] . BSA was used to buffer the free detergent concentration [17] .
The optimal pretreatment condition (SDS concentration 0.9 mg/ml) was used to measure NKA activity in cortical homogenates.
Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) and western blot
For NKA detection, samples (10 µg protein) were subjected to SDS-PAGE on polyacrylamide gels (8%) [19] and transferred onto nitrocellulose membranes as described [20] . NKA α-subunit was detected with a goat polyclonal antibody to the rabbit kidney NKA α-subunit (CalbiochemNovabiochem Corporation, La Jolla, CA, USA) as described [13, 14, 21] . The primary antibody only recognized a double band that migrates near the 116-kDa marker. The split of the kidney NKA α-subunit into two bands has been previously reported [22, 23] . NKA β-subunit was detected with an anti-NKA β-1 (Upstate Biotechnology, Lake Placid, NY, USA, cat. 06-170) as described [21] .
Statistical analysis
Results are expressed as mean ± SEM. Data were analysed using the ANOVA followed by Newman-Keuls contrasts. The 0.05 level of probability was used as the criterion of significance.
Results
NKA subunit expression and activity during ischaemia and reperfusion
NKA activity in cortical homogenates was determined under saturating conditions for sodium, potassium, magnesium and ATP. After 40 min of artery clamping, NKA activity was diminished. However, after 40 min of ischaemia and 1 h of reperfusion cortical NKA activity returned to control values (Table 1 , column H, in the absence of SDS). At the same time, the abundance of α-subunit was increased while the β-subunit showed no changes ( Figure 1A ). As NKA α-subunit possesses the catalytic site, we presumed that the lower activity could not be attributed to changes in protein abundance but to changes in other factors affecting the measurement of the activity (e.g. vesicular nature of the membrane preparation). Figure 1B shows the latent activity of NKA when the membrane vesicles were rendered permeable to ATP by treatment with SDS. The specific activity of NKA in controls was increased to ∼75% at SDS 0.9 mg/ml. The use of BSA as a detergent buffer, as described by Forbush [17] , allowed a more relaxed working range of the SDS-membrane protein ratio. However, at concentrations >1.2 mg/ml, SDS caused a gradual decrease of the specific activity of NKA. The NKA activity of isolated plasma membranes from I differs from C in the absence and at the lowest SDS concentration checked. At SDS 0.9 mg/ml, where the maximal detergent activation is reached, activities were indistinguishable (for activity values see TPM activities in the presence of SDS in Table 1) . IR values did not differ from C at any SDS concentration.
Effect of ischaemia on cortical NKA latent activity
As explained [15, 16] , the percentage of sealed vesicles can be estimated from the degree of detergent activation (Table 1 ). In our case, it can be calculated for control total membranes that ∼29% ((26.2/90.5) × 100) of the vesicles are leaky and 71% are sealed. I total plasma membranes are ∼15% ((13.9/91.4) × 100) leaky and 85% sealed. So the difference in the population of sealed vesicles could account for the different activities measured in I in the absence of detergent activation. This is rapidly reversed when reperfusion is allowed (see IR values in Table 1 ). The same analysis can be performed from the activities measured in C, I and IR homogenates, although the less purified nature of these samples may probably render less clear differences.
Discussion
Renal plasma membrane vesicles prepared by various methods have proved to be useful in the study of membrane phenomena at luminal or basolateral surfaces. Such studies, however, rely on the isolation of these epithelial membranes and on their homogeneity with respect to tightness and orientation of the sealed vesicles. It is well established that the NKA activity in the crude membrane fractions from a mammalian kidney is increased several fold on exposure to low concentration of detergent and that detergent activation results from increased permeability of the membranes to substrates and inhibitors [24] . Although this hypothesis has been further supported by Walter [25] and Jones [26] , the complexities of detergent activation of ligand binding have led some authors to propose that the phenomenon reflects alteration of subunit interactions [27] , while others have suggested changes in lipid-protein interactions or artifactual enhancement of activity. These theories have been abandoned in view of the results of freeze fracture [28] and trypsin sensitivity studies [15] . A hallmark of ischaemic renal injury (IRI) is disruption of the actin-based cytoskeleton in the proximal tubule cell [3, 4, 6] . On the other side, the crucial importance of the actin network for the mechanical stability of cells has been reported [29] . It was also suggested that a cell's structural strength is not solely determined by cytoskeletal composition but equally importantly by (actin) cytoskeletal architecture [30] . These two facts could suggest that during ischaemia, the mechanical stability and plasma membrane structural strength of renal cells are affected. These would certainly affect the nature of vesicle formation during cell disruption for membrane isolation.
In the present investigation, we provide evidence that during ischaemia and reperfusion total NKA activity (SDS pretreated) in renal cortex remains at control levels. However, ischaemia affected the level of SDS activation of NKA activity. During ischaemia, we found more sealed vesicles in our membrane preparations. SDS activation of NKA activity occurred in both crude homogenates and isolated TPM. Any intracellular compartment would be eliminated by the centrifugation procedure followed to obtain TPM [16] . This fact can exclude any important contribution of pre-existing intracellular vesicles in the increment in sealed vesicles found during ischaemia. We propose that the different detergent activation of NKA in ischemia could be the result of differences in the mechanical resistance of the plasma membrane due to ischemia that are put in evidence by the homogenization procedure. This could be another consequence of the well-known cytoskeletal disruption that characterizes renal ischaemia.
Ischaemic-induced acute renal failure is characterized by an impairment in water and ion reabsorption that in turn produces a reduction in glomerular filtration rate [31] . Our results show that during renal ischaemia, cortical NKA activity remains at control values, although a higher population of sealed impermeable vesicles may complicate its assessment. The preserved activity of NKA observed during I and IR reinforces the idea that impaired sodium reabsorption during IRI involves a complex interplay of factors including, among others, apical NKA redistribution [5] , alterations in the expression of other sodium transporters [32] and cell detachment due to mislocalization of adhesion molecules [33] .
In conclusion, the measurement of NKA activity can be affected by the vesicular nature of the membrane preparation. To guarantee its correct estimation, NKA activity studies should be performed in the presence of a detergent. In fact, a study of NKA activity/detergent concentration dependence is highly advisable as it would provide information regarding the vesicular state of the preparation.
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